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WATERFOWL PRODUCTION IN THE JAMES 
RIVER VALLEY OF SOUTH DAKOTA 
Abstract 
William E. Wheeler 
A study of waterfowl production was conducted on two study areas 
in the James River Valley of South Dakota in 1971 and 1972. Its ob-
jectives were to measure rates of reproductive success and to deter-
mine the effect of land use and other influences on duck production. 
The five most abundant species of nesting ducks were blue-winged 
teal (Anas discors), mallard(�. platyrhvnchos), gadwall (,h. strepera), 
shoveler(�. clypeata), and pintail(�. acuta). 
Seventy-two percent of the wetland habitat on the study areas 
consisted of temporary (Type l and Type 3) water areas, Only 3.9 per­
cent of the wetlands represented semipermanent (Type 4) and permanent 
(Type 5) ponds. In 1971, on the Twin lakes Area, only four wetlands 
held water of sufficient depth for brood-rearing throughout the 
brood season. In 1972, this area had 48 water areas that served as 
potential brood-rearing habitat. 
Wet ponds were sufficiently abundant in early spring to attract 
modest numbers of breeding pairs. The 2-year average density of 
surface-feeding ducks was 35 pairs per square mile. This was 60 
percent of the average density of surface-feeding ducks on the Waubay 
Study Area, generally acknowledged to be an area of high duck production 
in the Prairie Hills region of South Dakota. In 1971, dry conditions 
were accompanied by an influx of pairs from surrounding lands onto the 
more stable water areas of the two study areas. Many of these immi­
grants were believed to be unsuccessful breeding pairs and/or non­
breeding birds. 
Forty-seven percent of all duck nests were concentrated in tame 
hay. The most productive nesting cover, however, consisted of game-
management lands. These areas made up only 4 percent of the land area, 
yet contained 17 percent of all nests and 22 percent of all successful 
nests. 
Overall nest success in both years combined was 28.9 percent. 
This was close to the minimum level of nest success under which duck 
populations are apparently able to maintain their numbers. Predation 
and hay-mowing were the principal causes of nest destruction. 
An average of 21  successful nests was produced per 100 breeding 
pairs. Brood observations showed 32 broods per 100 pairs present in 
late July of 1971 and 50 broods per 100 pairs in 1972. The latter two 
figures were believed to be inflated by brood ingress. 
Low rates of duck production in the James River Valley suggest 
that pioneering birds may be contributing substantially to maintenance 
of breeding populations in that region. In some years, the region may 
attract breeding ducks that might otherwise have nested in other areas 
where better reproductive success could be realized. 
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INTRODUCTION 
The James River Valley of South Dakota is an area in which wet­
land habitat is threatened by drainage and irrigation development. 
Although the James River Basin attracts smaller densities of breeding 
ducks than many other areas of the state, it nevertheless is important 
to statewide duck production by virtue of its large total acreage. 
Most previous studies of duck production in South Dakota have 
been carried out in the Prairie Hills and Missouri Hills physiographic 
regions (Evans and Black 1956, Drewien and Springer 1969, Duebbert 
1969) . Those areas are characterized by greater permanence of wetland 
habitat than the James River Valley. 
The purposes of this study were: (1) to determine levels of 
reproductive success; (2) to identify land-use and other influences 
affecting duck production; and (3) to determine the effects of predator 
reduction on duck production. The number of duck nests found the first 
year of field work was insufficient to constitute a critical test of the 
effect of predator control on duck production, hence the third phase of 
the study was not continued during the second year of study. 
2 
STUDY AREAS 
The James River Valley lies between the Prairie Hills on tr.� 
east and the Missouri Hills on the west (Fig. 1). Elevations range 
from 1, 300 to 1,400 feet, 200 to 700 feet lower than the Prairie Hills 
(Westin et al. 1967). Topography is flat to gently undulating; accord­
ingly, wetland basins tend to be shallow and wetland habitat temporary 
in nature. Annual precipitation averages from 19 to 22 inches through­
out the region, 77 percent of which falls between April and September. 
Temperatures range from -30 F to 100 F or higher, and growing seasons 
average 140 days in length (Spuhler et al. 1971). 
Soils of the area are mainly silt loams and clay loams, formed 
under native mid- and tall-prairie grasses (Westin et al. 1967). 
The principal crops grown are corn, oats, and hay, most of which 
are utilized locally for livestock feeding. 
The major species of duck nesting throughout the region are 
blue-winged teal (Anas discors), mallard(�. platyrhynchos), gadwall 
(A, strepera), pintail (A. acuta), and shoveler (A, clypeata). Other 
species occurring in comparatively small numbers, include redheads 
(Aythya americana), ruddy ducks (Oxyura jamaicensis), widgeon (Anas 
americana), green-winged teal (A. carolinensis), and canvasbacks 
(Aythya valisineria) in decreasing order of abundance. 
Two study tracts (Twin Lakes and Chain lakes areas) were selected 
for their similarity in wetland acreage and proportionate composition 
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of various wetland types (Figs. 2 and 3). The Chain Lakes Area was 
located inside a 10-mile-square-study area on which mammalian predators 
were experimentally reduced by the South Dakota Department of Game, 
Fish and .Parks. 
The Twin Lakes Area was located 6 miles north of the predator­
reduction area and initially served as a check area. Field work was 
conducted on both areas in 1971 and 1972, even though an evaluation of 
predator reduction was discontinued as a study objective in 1972. 
The Twin Lakes Area was located at approximately the center of 
Miner County. It  was 6 square miles in size and contained a 320-acre 
State Game Ref�ge and a 200-acre Federal Waterfowl Production Area. 
The Chain Lakes Area (8 square miles) was located at the intersection 
of Miner, Hanson, and Sanborn counties and . included a 160-acre Waterfowl 
Production Area. 
The two study areas were regarded as generally representative of 
land use prevailing in the southern half of the Jrunes River Valley. 
Each, however, contained significantly greater acreages of open-water 
lakes and lands managed primarily for wildlife production than is 
characteristic of the region in general. Other than these open-water 
lakes, both areas contained few wetlands that retained water through­
out breeding seasons of normal precipitation. Additional duck habitat 
occurred in the form of intermittent streams, dugouts, and stock dams 
(Figs. 2 and 3). 
�.: 
/. G 
. ..J 
I 
( 0 
I �--1 
(' 
,,.
1 
{\ 
( 
� 
" 
o� 
c,.. .....,. 
_.,,,--.. 
\...··· 
.,..,) C:--. 
S";:> 
/ I 
� �/ � 
� 
('''"1 
'I 'I 
!! 
• 
,f �\ 
« 
..... ,· l' � ,. .,,"'. 
g O 1., ···1 r· 
...-\ 
,/ (--j 
.{-�'\ 
'i.: 
· .. 
[] TYPE 1 &3 N · WETLANDS i D �nLi�6s 
O OPEN SALINE ....____ WATER 
V4 MI LE B STOCK PONDS 
INTERMITTENT 
STREAMS 
'\ \, 
[ ... .., \ •. ,.. l : 
A .._
:
,;, \.• '---/" 
I.··. !? ' ,. ···\_ ... �,.,._.: 
\� ,; 
r �
".) 
� �:., 
f'\ 
. 
f\ ···\11 w 
0.·,
.. :-, 
.., ,,-.. 
{=J-·' 
,;:, 
'-:. .. •.. ·:_.:p � 
t��·: 
("\ 
0 
. · .... , .. ' 
JI .. , 'J \ / 0 
� 
�- l> r • il 
('' :/ 
{/ (�� ... ·_ .. \ 
Q, • ., ••• 
� 
tY 
(\_f: ': ,? .. 
·., 
·==v 
:., ..... ?:· \ 
�: :.j :! :, .t 
(.·:.:.-:
> 
.J �..'! 
�� \� .,:; w 
'�· ·�:···. ·. ' · .. \ : � 
,.. ·�� (�·: , I •'\. :{ ..., '\.-'\ (\ 
:.: ,::;) (:) .... . .. ,. ·.;: ; '''i... 
\) ") ;/-::� 
'\. .. ' :, .. ::' ,: 
,} �'"'····(J
) 
:1 • 
,.:' .. �.·;, 
(I 
,-
• ,::<""_)' .-.;.' \·1. 
Fig. 2. Twin Lakes Study Area. 
t'J t, 
g 
• .... 
,,/' 
\l 
it�
· 
.:. !• 
::. 
en 
Fig. 3. 
q : .. "' 
�.�;.���:, 
··-.:j 
': · ..... � ,:;-:o ..... : 
\.�-�··' 
... ) 
J H 
f /\ ,;;;
:, 
• 'J 
_,,.. : ., '-ii 
.f\. '--' 
/ 
�o \\ 
N O 
TYPE 1 &3 
WETLANDS 
I 
TYPE 4&5 
O WETLANDS 
,;,' 
r� 
! \ ). ; f\ 
r ) ..
.. 
;,__) 
,,t;' 
I O OPEN SALINE I�; WATER 
�MILE. STOCK PONDS 
I 
• --· INTERMITTENT cl STREAMS 
Chain Lakes Study Area.� 
� 
9 
. ,::'.) 
.r:: 
..,.-\ ··.i 
·� 
l 
pf'' 
I 
-� 
.1 
}f 
,.::·· ·� .. t, D 
(\ (�---�--) 
(j �-' 
.. 1
,.
­
.i 
(� 
i: ..,�/ 
'!­'4 
.. , 
.l 
,/ {) � 
q 
\1 
.r\. n t.,J !..), 
� 
D 
en 
0 
.... 
METHODS 
Breeding-pair Censuses 
To estimate the combined breeding population of both early and 
late-nesting waterfowl species, four breeding pairs counts were made 
between early May and early June in 1971. I n  1972, one breeding-pair 
count was run in mid-May and another in early June. I ndicated pair 
7 
populations of surface-feeding ducks consisted of the number of pairs, 
lone males, and males encountered in groups of five individuals or 
fewer (Dzubin 1969). 
Breeding-pair estimates of diving ducks were based on the total 
number of females observed. Because of the extreme mobility of diving 
ducks, pair counts of these species inherently tend to be unreliable 
on small study areas (Dzubin 1969). Estimates of diving-duck numbers 
were therefore regarded as less reliable than those for surface-feeding 
ducks. 
Nest-production Estimates 
Nesting studies were designed to sample all available nesting 
cover so that estimates of total nest production could be obtained 
by expanding sample nest densities to total cover-type acreages. 
Ten, 10-acre plots were selected at random in each· section. Sampling 
rates varied from 12 to 24  percent of the 12 cover types that were 
regarded as potential nesting cover (Appendix Tables 1-6). Because 
sampling rates were not constant between cover types, nest-production 
estimates were individually calculated for each cover type and then 
summed as an estimate of the total nest production for each study 
area. Each plot, except those portions consisting of open water and 
corn, was searched by two or more observers. Tame hay, small grains, 
and wild hay were examined after harvest. In all other cover types, 
nest-searching sticks were used to part the vegetation to secure an 
unobstructed view of the ground surface. Strips of variable width, 
8 
depending on cover density and number of observers, were searched back 
and forth until the entire plot had been covered. In this manner, all 
nest sign could theoretically be located. In practice, however, even 
with diligent search, some nests were doubtless overlooked. As a result, 
all nest-production estimates were necessarily regarded as minimum 
figures. 
To my knowledge, all previous duck-nesting studies in South Dakota 
(Evans and Black 1956, Drewien and Springer 1969, Duebbert 1969), have 
relied on some method of outright flushing of hens from active nests . 
No previous attempt has been made to intensively search random plots 
for all nest sign as a means of calculating the total number of nests 
produced by a known breeding population. 
Brood Observations 
Brood counts were made on each wetland that still retained water 
during the last week in July. At this date, some broods were already 
flying and were therefore not represented in the census totals. How-
ever, brood observations were made throughout the breeding season, 
9 
from which the hatching chronology for each species was determined. 
Hatching dates of individual broods were estimated by back-dating from 
the date of observation according to brood-age criteria developed by 
Gollop and Marshall (1954). Brood counts were corrected according to 
the percentage of all broods old enough to fly by the date of the brood 
census. 
RESULTS AND DISCUSSION 
Wetland Habitat 
Wetland Classification. Wetland habitat on the Twin Lakes 
Area was inventoried in mid-May and late July of 1972 and classified 
according to criteria described by Martin et al. (1953). The 
following wetland types, including several not recognized by Martin 
et al. , occurred on the study area: 
Type 1 
Type 3 
Type 4 
Type 5 
Seasonally flooded basins or flats. 
Shallow fresh marshes. 
Deep fresh marshes. 
Open fresh water. 
Open saline water 
Stock dams 
Dugout stockponds 
Intermittent streams 
Road ditches 
Temporary wetlands on the Twin Lakes Area (Type 1 and Type 3) 
constituted 72. 3 percent of the total number of wetlands present in 
May. Semipermanent and permanent water areas (Type 4 and Type 5) 
made up only 3. 9 percent of the May total (Table 1). Comparable 
surveys were not conducted on the Chain Lakes Area; however, the 
10 
Table I. Number and acreage of various wetland types on Twin lakes Study Area, 1972. 
Wetland Type 
c 
Seasonally flooded basins (Type 1)-
Shallow fresh marshes (Type 3) 
Deep fresh marshes (Type 4) 
Open fresh water (Type 5) 
Stock dams 
Dugout stock ponds 
Intermittent streams 
Road ditches 
Open saline water 
Totals 
a .:::i\1ay 18, 1972 wetland inventory. 
-July 24-26, 1972 wetland inventory. 
a 
Ma}'_ Wetlands-
Number Acres 
d 
56(30.9]° 2 1.3(5.3) 
75(41.4) 152.5(38.0) 
5(2.8) 42.8(10.7) 
2(1.1) 93.0(23.2) 
2(1. 1) 0.5(0.1) 
9(5.0) 1.9(0.5) 
1(0. 6) 4. 9(1.2) 
29(16. 0) 2.5(0. 6) 
2(1.1) 81.9(20.4) 
181 ooo. o) 401. 30oo. o) 
£wetland types described by Martin et al. (1953). 
d 
-Percent of total. 
b 
July_ Wetlands-
Number Acres 
2(3.0) 2.3(0.8) 
39(60.0) 64.2(22.5) 
5(7.7) 37.3(13.0) 
2(3.0) 93.0(32.6) 
2(3.0) 0.5(0.2) 
9(13.8) 1. 9(0.7) 
1(1.5) 3.9(1.4) 
3(4. 6) 0. 3(0.1) 
2(3. 0) 81.9(28.7) 
65(100. 0) 285.3(100. 0) 
Percent Decline 
Number Acres 
96.4 89.2 
48.0 88.3 
0.0 12.9 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 20.0 
89. 7 88.0 
0.0 0.0 
64.0 28. 9 
I-' 
I-' 
12 
preponderance of temporary water on the Twin Lakes Area was regarded 
as typical of the Chain Lakes Area as well. 
Wetland inventories in Brown, Kingsbury, and Miner counties, all 
in the James River Basin of South Dakota reveal that Type 4 and Type 5 
wetlands average only 3. 1 percent of the total number of water areas 
present (Fredrickson 1971). A relative scarcity of permanent water, 
essential for brood-rearing, in relation to the large proportion of 
temporary water available to breeding pairs, seems to prevail as a 
generalized phenomenon throughout the region. Both areas I studied, 
however, furnished unusually good conditions for brood-rearing because 
they also contained several open-water lakes in addition to the number 
of semipermanent and permanent ponds. 
Annual Variation in Water Levels. � According to testimony of 
study-area residents, water levels in late April and early May of 
1971 were representative of long-term conditions . Rainfall for the 
month of May totalled 1.8 inches (Fig . 4), approximately 1. 0 inches 
below normal, and by the end of the month virtually all Type 1 and 
Type 3 wetlands were dry. Rainfall during the remainder of the 
summer was sufficient to maintain all Type 4 and Type 5 wetlands for 
the duration of the breeding season. 
Water levels during late April in 1972 were roughly comparable to 
1971. May rainfall in 1972, however, totalled 7.5 inches (Fig. 4) 
7 
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13 
approximately 4. 5 inches above normal. All wetland basins filled to 
maximum capacity during the month, and by late May water levels were 
the highest since 1962 according to local residents. 
14 
The increase in spring water from 1971 to 1972 may have occurred 
too late to attract breeding pairs of early nesting species such as 
mallards and pintails. However, the number of wet areas present when 
the main migration of later-nesting species, viz . ,  blue-winged teal, 
gadwall, and shovelers, passed through the region was drastically dif­
ferent between the two years of study. 
With near-normal amounts of precipitation in June and July of 
1972, the number of temporary ponds (Type 1 and Type 3 wetlands) de­
clined 67 percent between mid-May and late July (Table 2); nevertheless, 
the number of Type 3 wetlands that retained water throughout the period 
was 5 times as large as 1971. All Type 4 and Type 5 wetlands remained 
wet throughout the 1972 breeding season. 
In 1971 on the Twin Lakes Area, only four wetlands held water of 
sufficient depth for brood-rearing throughout the brood season. In 
1972, 48 water areas provided potential brood-rearing habitat. 
Breeding-pair Populations 
Pair Counts, 1971. Ducks first appeared on the study areas 
in early April. These first arrivals consisted of early breeding 
resident pairs, in addition to migrant ducks bound for farther north. 
Table 2. Annual difference in the number anct acreage of July ,·,ater areas, Twin lakes Study Area. 
Wetland Type 1971 1972 
Number Acres Number Acres 
a 
Seasonally flooded basins (Type 1) 0 (O.o)- 0.0 (0.0 2 (3.0) 2.3 (0.8) 
Shallow fresh marshes (Type 3) 8 (28.6) 25.6 03.3) 39 (60.0) 64.2 (22.5) 
Deep fresh marshes (Type 4) 5 07.9) 22.4 01.6) 5 (7.7) 37.3 (13.0) 
Open fresh water (Type 5) 2 (7.1) 93.0 (48.2) 2 (3.0) 93.0 (32.6) 
Stock dams 2 (7.1) 0.5 (0.3) 2 (3.0) 0.5 (0.2) 
Dugout stock ponds 8 (28.6) 1.7 (0.9) 9 03.8) 1.9 (0.7) 
Intermittent streams 1 (3.6) 1.0 (0.5) 1 (1.5) 3.9 (1.4) 
Road ditches 0 (0.0 0.0 (0.0) 3 (4.6) 0.3 (0,1) 
Open saline water 2 (7.1) 48.6 (25.2) 2 (3.0) 81.9 (28.7) 
Totals 28 000.0) 192.8 (100.0) 65 (100.0) 285.3 (100.0) 
-Percent of total. 
,... 
CJl 
• 
16 
Breeding-pair populations did not stabilize until the second week 
of May (Table 3). An increase in the number of lone males was evi­
dence that by mid-May many hens had already begun nesting. Ac­
cordingly, counts on May 11 (Chain Lakes Area) and May 16 (Twin Lakes 
Area) were believed to provide the best estimate of the number of 
pairs breeding on the study areas. Breeding-pair densities of all 
species combined averaged 37.7 pairs per square mile on the Twin 
Lakes Area and 37.0 pairs per square mile on the Chain Lakes Area. 
The five major species of surface-feeding ducks averaged 36.5 pairs 
per square mile on the former and 35.9 on the latter. 
Counts in early June revealed a sharp increase in the indicated 
number of resident pairs on both study areas (Table 3). By this time, 
most wetlands on surrounding lands were completely dry. The late­
season influx of breeding ducks doubtless consisted of lone males, 
as well as unsuccessful or nonbreeding pairs, evicted from surrounding 
habitat. The open-water lakes of both study areas probably attracted 
displaced ducks from considerable distances as Type 1 and Type 3 
water areas progressively disappeared from the surrounding landscape. 
An important question concerns what percentage, if any, of these 
late-arriving birds eventually nested on the study areas and therefore 
represented part of the breeding population. These-birds tended to 
occur chiefly in small groups on large water areas and displayed no 
Table 3. Waterfowl breeding-pair populations, 1971. 
Species 
Blue-winged teal 
Mallard 
Gad wall 
Shoveler 
Pintail 
Widgeon 
Green-winged teal 
Redhead 
Canvasback 
Total 
Percent of total 
indicated pairs as 
lone drakes 
Twin Lakes Area 
May May 
8 16 
149 132 
37 26 
13 2 3  
14 2 3  
14 15 
0 3 
3 1 
6 3 
2 0 -----
2 38 226 
21 55 
June June 
1 7 
89 132 
24  37 
29 76 
15 26 
17 37 
4 7 
1 7 
7 21 
0 0 
186 343 
55 55 
Chain Lakes Area 
May May June June 
1 11 2 7-8 
257 149 223 320 
52 38 82 145 
45 33 83 135 
121 54 52 45 
8 13 35 70 
0 8 2 4 
0 0 2 1 
0 0 2 1  34 
0 1 3 2 
438 296 503 756 
30 59 63 
17 
I 
18 
evidence of breeding behavior. With a fixed breeding population, one 
ordinarily expects to find the ratio of lone males to total indicated· 
pairs steadily increasing as the breeding season progresses, since the 
females are spending proportionately greater amounts of time at the 
nest. Since the percentage of lone males did not show an expected in-
crease, it is assumed that most of the late-arriving pairs were non-
breeding birds . 
Pair Counts, 1972. � Based on 1971 results, May counts were 
selected as the best estimates of the number of resident pairs on the 
study areas. Pair densities in 1972 averaged 32. 0 pairs of all species 
per square mile on the Twin Lakes Area, compared with 38.l pairs per 
square mile on the Chain Lakes Area (Table 4). The density of the 
five major species of surface-feeding ducks was 31. 5 and 34. 5 pairs 
per square mile, respectively. 
I n  contrast to 1971, June counts in 1972 did not indicate an 
appreciable late-season influx of breeding pairs onto the study areas 
(Table 4). I n  1972, the number of Type 1 and Type 3 wetlands on the 
study areas actually increased rather than declined during the month 
of May, and it may be presumed that these conditions also prevailed 
outside the study areas. Hence there was little reason for breeding 
pairs to give up nesting on surrounding lands. 
Breeding populations of surface-feeding ducks remained essentially 
unchanged between 1971 and 1972 on both study areas. This was somewhat 
Table 4. Waterfowl breeding-pair populations, 1972. 
Species 
Blue-winged teal 
Mallard 
Gad wall 
Shoveler 
Pintail 
Widgeon 
Green-winged teal 
Redhead 
Canvasback 
Total 
Percent of total 
indicated pairs as 
lone drakes 
Twin lakes Area 
May June 
18-19 2 
123 133 
14 21 
18 17 
20 19 
14 11 
1 1 
1 
1 1 
1 3 
192 207 
51 71 
19 
Chain lakes Area 
May June 
26-27 5-6 
181 130 
33 26 
21  53 
31 41 
10 11 
2 0 
5 3 
16 29 
6 ---
305 301 
70 75 
unexpected in view of the large increase in temporary water in 1972. 
In the wet spring of 1972, breeding pairs appeared to be widely dis­
persed over the landscape. In the dry spring of 1971, by contrast, 
both study areas provided better habitat for breeding pairs than 
surrounding lands and probably attrac.ted a higher proportion of the 
breeding ducks that eventually nested in the vicinity. 
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Evans and Black (1956) reported a 4-year (1950-53) mean density 
of 57. 9 pairs of surface-feeding ducks per square mile on the Waubay 
Study Area in the Prairie Hills region of South Dakota. On the same 
study area in 1965 and 1966, Drewien and Springer (1969) reported an 
average density of 57. 2 per square mile. These figures compare with 
34. 6 pairs per square as the 2-year mean density of surface-feeding 
ducks on the Twin lakes and Chain lakes study areas combined. Pair 
densities in the present study were therefore about 60 percent as high 
as those at Waubay. The Waubay Study Area contained, on the average, 
34. 7 wetlands per square mile in 1950-53 (Evans and Black 1956), 
roughly comparable to the corresponding figure (30. l per square mile) 
for the Twin lakes Area in 1972. However, the total wetland acreage 
at Waubay was considerably greater � 94. l acres per square mile 
versus 66. 8 acres per square mile on the Twin Lakes Area. The larger 
acreage of wetland habitat at Waubay may be one reason why this area 
attracts higher densities of breeding ducks. 
• 
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Nesting 
Nesting Cover. � Available nesting cover was restricted largely 
to agricultural land (Table 5). Of those cover types which provided 
potential nesting cover, pastures constituted 26. 3 percent of the land 
area as a 2-year mean, followed by small grains 13. 1 percent, tame 
hay 12.7 percent, wetlands 11.6 percent, fallow 6.6 percent, wild hay 
5.5 percent, game-management areas 4.0 percent, roadsides 1. 0 percent, 
and shelterbelts 0.9 percent. 
Except for small grains and fallow, the relative acreages of these 
cover types differed little between years. In 1972, smaller acreages 
of small grains were grown because of wet conditions at planting time. 
Wetlands and summer fallow correspondingly increased from 1971 to 1972 
(Table 5). 
Pastures consisted predominantly of bluegrass (Poa spp.), some 
of which were annually mowed for wild hay, while others were harvested 
for hay in some years and pastured in others. I n  most instances, 
grazing pressure was intensive, and available nesting cover was poor 
in quality. Small grains on both study areas consisted primarily of 
oats, with lesser amounts of barley. 
Hayland was of two principal types: tame hay and wild hay. Tame 
hay consisted largely of alfalfa or alfalfa and brome-grass mixtures. 
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Table.5. Cover composition and land use on the Chain Lakes and Twin 
Lakes study areas. 
1971 
Cover Type Acreage 
Pasture 2, 515 
Corn 1, 680 
Small grain 1, 394 
Tame hay 1, 180 
Wild hay 479 
Game-management 
areas 353 
a 
Wetlands- 936 
Farmstead 106 
Roadsides 90 
Roads 90 
Shelterbelts 77 
Fallow 60 
Total 8, 960 
�Excluding Type 1 wetlands. 
Percent 
of Total 
28. 1 
18.8 
15. 6 
13.2 
5.3 
3.9 
10.4 
1.2 
1. 0 
1. 0 
0. 9 
0.7 
100. 0 
Acreage 
2, 127 
1, 192 
921 
1, 067 
483 
353 
1,106 
106 
90 
90 
77 
1,074 
8, 686 
1972 
Percent 
of Total 
24 . 5  
13. 7 
10.6 
12. 3 
5. 6 
4.1 
12.7 
1. 2 
1. 0 
1.0 
0. 9 
12. 4 
100. 0 
' 
,;.. 
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Most of the acreage was harvested for hay in early to m id-June. 
Thirteen percent of the tame hay was left unharvested in 1971 and 15 
percent in 1972. Wild hay was composed primarily of bluegrass, with 
lesser amounts of native prairie grasses. Vegetative growth on wild 
hay lands was comparatively late in spring; however, this cover type 
was not harvested until sufficiently late in summer (mid-August) that 
most nesting ducks had ample time to produce successful clutches if 
not su9jected to other types of nest mortality. 
Game-management areas contained several vegetation types, but 
were treated as a single stratum for sampling purposes. Two Federal 
Waterfowl Production Areas (WPA) and one State Game Refuge furnished 
the only permanent nesting cover on either study area . The amount of 
nesting cover on the two WPA's remained essentially unchanged between 
1971 and 1972, Nesting cover on the State Game Refuge was subject to 
a greater degree of annual manipulation due to crop rotation and mowing 
of bluegrass stands for wild hay. 
In 1971, the edges of most wetland tracts were sufficiently dry 
for upland-nesting ducks; many Type 3 wetlands were completely dry 
throughout the major part of the nesting season. In 1972, nearly all 
wetland cover was too wet for nesting. 
Roadsides furnished a f inal source of nesting cover. Roadside 
vegetation consisted mainly of brome-grass and/or bluegrass. Most 
roadsides were mowed before the first of July and thus contributed 
little to duck production. 
Nest-cover Utilization. � Nest densities among the three most-
numerous species of breeding ducks (blue-winged teal, mallard, and 
gadwall) were highest on game-management lands, followed in order by 
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tame hay, roadsides, wild hay, and pastures. Small grains, wetlands, 
and summer fallow contained extremely low densities of duck nests 
(Table 6) . 
Nesting-cover preferences apparently differed between individual 
species. Blue-winged teal demonstrated preferential use of tame hay, 
management areas, and wild hay. Three nesting cover types used most by 
mallards were tame hay, roadsides, and game-management areas. Gadwalls 
showed selective use of game-management areas, with tame hay ranking a 
poor second. 
A better indication of the overall value of individual cover types 
to nesting ducks can be obtained from the percentage of total nest 
production occurring in each cover type (Table 7). Although nest 
densities were highest on game-management lands, tame hay contained 
the largest share of the total nesting effort (47. 3 percent) because of 
the large acreage of this cover type. Pastures contained 17. 4 percent 
of total nest production, game-management areas 17. 0 percent, wild hay 
8. 5 percent, and small grains 4. 4 percent. Other nesting-cover types 
Table 6. Water fowl nest densities by cover type , Chain Lakes and Twin  Lakes study areas, combined, 
1971 -72. 
Cover Type Acres Nests Per 100 Acres 
Searched Blue-winged Mallard Gadwall Total 
teal --
a 
Pasture 746 1. 602 )- 0.3 (2 ) 0 . 5  (4)  2 . 4  (18 ) 
Small . grain 312 0 . 3  ( 1 )  0.6 (2 ) 0.3 (1 ) 1.2 (4)  
Tame hay 388 5.9 (23 )  4.4 (17 )  2.6 (10 ) 12.9 (50 )  
Wild hay 161 5.0 (8 ) 0 . 6  ( 1 )  0.0 (0 ) 5.6 (9 ) 
Game-management areas 86 5. 8 (5 ) 2.3 (2 ) 7.0 (6 ) 15.1 (13 ) 
Wetlands 469 0.2 (1)  0.2 ( 1 )  0.0 (0 ) 0.4 (2 ) 
Fallow 147 0. 0 (0 ) 0. 0 (0 ) 0.7 ( 1 )  0.7 ( 1 )  
Roadsides 46 4.3 (2 ) 4. 3 (2 ) 0 . 0  (0 ) 8.6 (4 ) 
Totals and 
weighted means 2 , 355 2.2 (52 ) 1.1 (27 ) 0 .  9 (22 ) 4. 3 (IO I )  
a 
-sample size. 
Table 7. Estimated perc�ntage of nest production , by cove� type , Chain Lakes and Twin Lakes study 
areas combined , 1971-72. -
Cover Type 
Pasture 
Small grain 
Tame hay 
Wild hay 
Game-management 
areas 
Wetlands 
Fal low 
Roadsides 
Total 
a 
Blue-winged teal 
All Succ. 
Nests Nests 
22 . 2  31. 8 
2. 1 0. 0 
44. 8 36. 4 
14. 7  9. 1 
12. 6 18.9 
' 1. 5 3. 8 
o . o  0.0 
2. 1 0.0 
100.0 100. 0 
�rom Appendix Tables 1-6. 
Mallard 
Al l Succ. 
Nests Nests 
7. 2 22. 2 
9. 2 0 . 0  
60. 5 44.5 
3. 3 18.5 
1 1.2 0.0 
3 . 3  0.0 
0. 0 0. 0 
5. 3 1 4.8 
100. 0 100. 0 
Gadwall  
Al l Succ. 
Nests Nests 
17. 0 17. 2 
4. 6 24. 1 
39. 8 0.0 
0.0 0. 0 
32. 7 58 . 7  
0 . 0 0. 0 
5. 9 0. 0 
0. 0 0.0 
100. 0 100. 0 
Total 
Al l Succ. 
Nests Nests 
17. 4 28. 3 
4 . 4 3. 7 
47. 4 31. 9 
8.5 9.0 
17.0 22 . 3  
1. 6 2.7 
1. 4  0. 0 
2.4 2.1 
100. 0 100.0 
• 
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collectively contained less than 10 percent of the total number of 
duck nests. 
Nest Success. � Nest success averaged 28. 9 percent for all cover 
types combined as a 2-year mean. Pastures had a nest-success rate of 
38. 9 percent , undisturbed cover (including game-management lands, 
unmowed tame hay, and unmowed wild hay) 35.9 percent, small grains 
25. 0 percent, and tame hay 20.4 percent. Nest success was affected 
principally by predation, hay mowing, and desertion. Predation ac­
counted for 61.3 percent of all nest destruction, hay-mowing 33. 0 
percent, and desertion 4. 0 percent. 
Previous duck-nesting studies have reported nest-success . rates 
of 34 percent (Keith 1961), 28 percent (Kirsch 1969), 34 percent (Balser 
et al. 1968), and 35 percent (Moyle 1964). Duebbert (1969 : 225) re-
ported nest success of 30 percent in an area of diversified agriculture 
near Hosmer , South Dakota. In describing his study area he states, 
" This area probably provided a fairly typical example of the re­
productive fate of the ducks nesting in diversified farming areas of 
the glaciated prairie region. " 
Nest success in the present study probably was borderline in terms 
of population maintenance. Keith (1961) concluded that hatching success 
of about 39 percent in Alberta was more than adequate to maintain popu­
lation levels . In North Dakota, Kirsch (1969) estimated that 29 
28 
percent nest success would maintain or increase the population of 
ducks . The 28 . 9  percent nest success observed in the present study 
may be adequate for population maintenance, but additional study will 
be required to determine whether this rate is characteristic of long­
term conditions. 
Distribution of Successful Nests between Cover Types. � To 
determine the relative value of individual cover types to brood pro-
duction, the percentage of successful nests occurring in each cover 
type was examined (Table 7). Of the estimated total number of success-
ful nests, 31. 9 percent occurred in tame hay, 28. 2 percent in pasture, 
22 . 3  percent on game-management lands, 9 . 0  percent in wild hay, and 
3. 7 percent in small grains . Other cover types contributed less than 
5 . 0 percent collectively to total brood production. 
Tame hay supported the highest percentage of both total and 
successful nests, yet hatching success in this cover type was only 
20 . 4  percent (Table 8) . Pastures and game-management lands both 
contained only about 35 percent as many nests as tame hay, yet produced 
88 and 70 percent, respectively, as many successful nests as tame hay. 
When examined on a per-acre basis, game-management l ands were clearly 
the most productive nesting cover , averaging 5. 0 successful nests per 
100 acres, compared with 2. 6 per 100 acres in tame hay and 0. 9 per 
100 acres in pasture . 
Table 8. Waterfowl nest success by cover type, Chain Lakes and Twin 
Lakes study areas combined, 1971-72. 
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Cover Type Total 
Nests 
Number 
Successful 
Percent 
Successful 
Pasture 18 7 38.9 
Small grain 4 1 25.0 
Harvested hay 51 1 1  21.6 
Tame hay 49 10 20. 4  
Wild hay 2 1 50. 0 
Wetlands 3 1 33. 3 
Roadside 4 0 0.0 
Undisturbed cover 39 14 35.9 
Tame hay 2 2 100.0 
Wild hay 7 2 28 . 6  
Game-management 
a 
10 33. 3 areas- 30 
Fallow 2 1 50 . 0  
Total 121 35 28 . 9  
a 
-includes nests discovered by chain-dragging outside study plots in 
197 1 . 
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Brood Populations 
Brood hatching dates of all species ranged from May 2 4  to July 
30 (Figs. 5A and 5 8). Except for mallards, the peak of the hatch for 
each species fell at about the same week during both years . In 1972, 
mallard hatching was delayed, probably because of unusually high rain­
fall in May (Fig . 3). This high rainfall may also have accounted for 
the flatter hatching curves of pintails and shovelers in 1972 . Blue­
winged teal showed two definite peaks in hatching , one during the 
third week of June and another during the first week of July. A 
secondary hatching peak, while less evident, also occurred wi th 
mallards and shovelers. These three species are presistent renesters 
(Sowls 1955), and the secondary peaks may well have represented success­
ful renesting. 
Brood censuses were conducted during July 29-30 in 1971 and July 
25-27 in 1972 . Results were regarded as minimum figures because of 
the difficulty in flushing broods from dense wetland cover at this 
season of the year. I n  addition, it was also known that some broods 
were flying by the time the census began. This second bias was correct-
ed by adjusting the observed number of broods by the percentage of all 
broods old enough to fly by the census date (Tables 9 and 10). The 
corrected brood density for surface-feeding ducks averaged 11. 5 broods 
per square mile on the Twin lakes and Chain lakes areas combined in 
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Table 9 . Corrected brood-census data, 1 971 . 
Twin Lakes Chain lakes 
No. Percent Flying Corrected No. No. Percent Fly ing Corrected No. 
Species Broods By Date of b Broods Broods By Date of Broods a c 
Observed- Observation- Observed Observea Observation Observed 
Surface Feeders 
Blue-winged teal 2 7  1 1 .  8 31 41 15. 0  48 
Mallard 2 50. 0 4 11 50. 0 22 
Gad wall 3 2. 9 3 23  2. 9 2 4  
Shoveler 5 57. 0 12 7 57. 0 16 
Pintail 1 25. 0 1 0 
Total 38 51 82 110 
Divers 
Redhead 1 0, 0 1 0 
Canvasback 0 -- -- 0 
Total 1 1 0 
-July 29 brood census. 
! b -"Figures 5A and 5B. c -July 30 brood census. w w 
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Table 10. Corrected brood-census data, Twin lakes Study Area , 1972. 
No. 
Species Broods 
Observed-
Surface Feeders 
Blue-winged teal 54 
Mallard 1 
Gadwall 3 
Shoveler 10 
Pintail 7 
Total 75 
Divers 
Redhead 6 
Canvasback 0 
Total 6 
-July 24  brood census. 
-Calculated from Figures 5A and 58 . 
Percent Flying 
By Date ofb 
Observation-
17.0 
20.0 
5.3 
35.7 
25.0 
0. 0 
Corrected No . 
Broods 
Observed 
65 
1 
3 
16 
9 
94 
6 
6 
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1971. On the Twin Lakes Area in 1972, the average was 1 5 . 6 broods per 
square mile. 
On the Twin Lakes Area, broods of surface-feeding ducks increased 
from 51 in 1971 to 94 in 1972. Most of the increase consisted of 
blue-winged teal, which more than doubled in number from 31 broods in 
197 1  (Table 10) to 65 broods in 1972 . Pintails increased from one 
brood to nine. Shoveler and gadwall broods remained about constant in 
population, whereas mallards were observed in such small numbers that 
it was impossible to detect a clear trend in brood population. 
Production 
Nests .Per 100 Pairs. � Nest production per 100 pairs for both 
study areas combined in 197 1 was blue-winged teal 69, mallard 159, and 
gadwal l 12 8. No pintail or shoveler nests were found on study plots 
in 197 1. In 1972, equivalent figures were blue-winged teal 46 , 
mal lard 106, gadwall 185, shovel er 37, and pintail 13  (Tables 1 1  and 
12). 
Production of successful nests per 100 pairs in 197 1 was blue­
winged teal 27, mallard 1 4, and gadwall 39. I n  1972, the rate of 
successful nest production was blue-winged teal 18, mal l ard 38, gad­
wall 18, and pintail 1 3  (Tables 1 1  and 12). 
The average rate of production for all surface-feeding ducks in 
1971 was 73 total nests and 2 1  successful nests per 100 pairs. In 1972, 
Table 11. Waterfowl nest-production rates, Twin lakes and Chain 
lakes study areas combined, 1971. 
Species 
Blue-winged teal 
Mallard 
Gad wall 
Shoveler 
Pintail 
Total 
Number of 
Breeding 
Pairs 
281 
64 
5 6  
7 7  
28 
506 
Nest Production 
Total Per 
100 Pairs 
193 69 
102 159 
71 128 
366 
Successful Nests 
Total Per 
100 Pairs 
77 27 
9 14 
22 39 
108 
36 
37 
Table 12. Waterfowl nest-production rates, Twin Lakes and Chain Lakes 
study areas combined, 1972. 
Species 
Blue-winged teal 
Mallard 
Gadwall 
Shoveler 
Pintail 
Total 
Number of 
Breeding 
Pairs 
304 
47 
39 
51 
24 
465 
Nest Production 
Total Per 
100 Pairs 
140 46 
50 106 
72 185 
19 37 
3 13 
284 
Successful Nests 
Total Per 
100 Pairs 
55 18 
18 38 
7 18 
9 18 
3 13 
92 
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rates of production were 61 total nests and 20 successful nests per 
100 pairs. At least intuitively, these production rates seemed quite 
low. Three potential biases may have accounted in part for the low 
rates of nest production observed . (1) Some nests were doubtless 
missed on sample plots, hence estimated nest production was known to 
be somewhat lower than actual. ( 2) It is also possible that breeding-
pair populations were over-estimated, or that each year a sizeable 
percentage of the resident pairs failed to nest. (3) Finally, some 
pairs may have nested outside the study area. 
Of these three biases, only the first was definitely known to be 
a factor. In my opinion , it is inconceivable that more than a third 
of the nests could have been overlooked on sample plots. If total 
nest production is corrected for a bias of this magnitude, the average 
still comes out to be less than 100 nests per 100 pairs. Therefore, I 
feel that pair populations were somehow overestimated and/or that some 
of the resident pairs actually represented nonbreeding birds . 
Broods Per 100 Pairs. � In 1971, 32 broods per 100 pairs were 
observed on both study areas combined (Table 1 3). On the Twin Lakes 
Area in 1972, the total was 50 broods per 100 pairs. These figures, 
of course, r·epresented minimal values because not all broods were ob-
served during censuses. 
Because brood counts were not run on the Chain Lakes Area in 
1972, comparison of brood production between years was necessarily 
Table 13 . Waterfowl brood-production rates. 
Twin Lakes 
No. No. 
Year and Species Pairs Broods 
1971 
Blue-winged teal 1 32 31 
Mallard 26 4 
Gad wal l 2 3  3 
Shoveler 2 3  12 
Pintail  1 5  1 
Total 2 19 5 1  
1972 
Blue-winged teal 123  65 
Mal lard 1 4  1 
Gad wall 18 3 
Shoveler 20 16 
Pintail  14 9 
Total 189 94 
Broods 
Per 100 a 
Pairs-
2 4  
15 
13  
52  
7 
2 3  
5 3  
7 
17 
80 
64 
50 
-2:corrected for broods already flying by date of brood census. 
Chain Lakes 
No. No . 
Pairs Broods 
1 49 48 
38 22  
33  24  
5 4  16  
13  0 
287 1 1 0  
Broods 
Per 120 
Pairs-
32 
58 
73 
30 
0 
38 
.. 
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restricted to the Twin lakes Area. The number of broods per 100 pairs 
on the Twin lakes Area increased from 23  in 1971 to 50 in 1972. The 
increase in brood numbers was not matched by a corresponding change in 
the number of successful nests, which in fact remained nearly constant 
at 21 and 20 successful nests per 100 pairs, respectively. It is possi ­
ble that this seeming anomaly resulted from differential rates of brood 
ingress between years. In 1971, few broods were brought off under the 
dry conditions which prevailed on surrounding lands. In 1972, on the 
other hand, temporary wetlands on surrounding lands retained water 
sufficiently long for some pairs to nest successfully. As these tempo-
rary water areas progressively dried out in late summer, broods from 
the outside may have been attracted to the more-permanent wetlands on 
the study area . 
CONCLUSIONS 
A high degree of annual variability in wetland acreage and wet­
land permanence is characteristic of the James River Valley. In the 
present study, water conditions differed strikingly from 1971 to 1972, 
possibly representing extremes in favorability to duck production. 
Since these 2 years were only the initial segment of a long-term in­
vestigation of duck production in the James River Valley, conclusions 
reachert in this paper are best regarded as tentat ive and subj ect to 
future revision. 
The James River Valley is characterized by a relative abundance 
of temporary water in spring , but contains few wetlands that con-
sistently retain water throughout the breeding season. Temporary 
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water areas provide adequate habitat for breeding pairs, and in most 
springs the moderate densit ies of breeding ducks are attracted to the 
region. An important question is whether there is sufficient brood-
rearing habitat to insure normal levels of juvenile survival. No 
firm conclusions were reached on this matter in the present study . It 
was clear, however, that in 1971 many breeding pairs were attra cted to 
the area and subsequently failed to nest because of rapid disappearance 
of temporary water areas in May. 
Nest success in the present study was close to the minimum level 
under which duck populations are apparently able to maintain their num­
bers. The principal limitations to successful nesting were a high rate 
of nest predation and an abundance of tame hay in which duck nests 
suffered high rates of loss to hay mowing. Nest success could be im-
proved by provision of additional acreages of undisturbed nesting 
cover . The only significant amount of such cover available to nesting 
ducks in the present study consisted of game-management lands. These 
areas amounted to only 4 percent of the land area, yet accounted for 
22 percent of the successful nests produced. 
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Keith (1961) reported that 39 broods per 100 pairs is more than 
adequate for population maintenance. Whether this level of reproductive 
success prevailed in the present study was something of an open question. 
Brood counts on the Chain lakes Area in 1971 and on the Twin Lakes Area 
in 1972 indicated that it was; however, brood-production rates were be-
lieved to be inflated because of brood ingress . Nesting studies in-
dicated that only about half as many broods were brought off per 100 
breeding pairs. On balance, it was doubtful that reproductive success 
in this study was sufficiently high to maintain a stationary population. 
If this condition is typical of the James R iver Valley, breeding 
populations may contain a high percentage of birds pioneering from 
other production habitat. It  is not inconceivable that the James 
River Basin in many years attracts breeding ducks that might otherwise 
have nested where better reproductive success is possible. 
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APPENDIX TABLES 
Appendix Table 1 .  Sample density of blue-winged teal nests and estimated total clutch production by 
cover type, Chain lakes and Twin lakes study areas , 1971 . 
Nests Per Pr ojected 
Cover Type Acres Sampling Nests Found 100 Acres Nest Prod. 
Available Rates Tot. Successful Tot. Successful Tot. Successful 
Pasture 2515 0. 17  7 4 1 . 6 0 , 9  40 2 3  
Small grain 1394 0. 1 4  1 0 0. 5 o . o 7 0 
Harvested hay 1082 0 . 17 13 3 7 . 6  1 .  8 78 18  
Tame hay 102 4  0. 17 13 3 7. 6 1. 8 78 18 
Wild hay 58 0 . 17 0 0 o . o 0. 0 0 0 
Undisturbed cover 930 0 . 16 9 4 19. 9 11. 6 63 31 
Tame hay l :3 6  0. 12 l l 5 . 6  5 . 6  g 9 
Wild hay 421 0. 2 0  4 1 4. 8 1 . 2  2 0  5 
Mgt . areas 353 0. 12 4 2 9 . 5  4 . 8  34 17 
Wetlands 936 0. 2 3  1 1 0 . 5  0 . 5  5 5 
Fallow 60 0 . 2 3  0 0 o . o  0. 0 0 0 
Roadsides 90 0. 2 4  0 0 o . o o . o 0 - --
70 07  53 19 Totals 193 77 
Appendix Table 2. Sample densi ty of blue-winged teal nests and estimated total clutch production by 
cover types, Chain Lakes and Twin Lakes study areas, 1972.  
Nests Per .Projected 
Cover Type Acres Sampling Nests Found 100 Acres Nest Prod. 
Available Rate Tot. Successful Tot. Successful Tot. Successful 
Pasture 2 127 0. 15 5 3 1. 6 0 . 9  34 19 
Small grain 92 1 0. 13 0 0 0 . 0  0 . 0  0 0 
Harvested hay 952 0 . 15 11  4 31. 9 14. 8 77 28 
Tame hay 894 0 . 15 9 3 6. 9 2 . 3  62 2 1  
Wild hay 58 o. 14 2 1 2 5. 0  12. 5  15 7 
Undisturbed cover 951 0 . 18 3 1 6. 1 2 . 3 22  8 
Tame hay 173 0 . 39 0 0 0 . 4  0. 0 0 0 
Wild hay 425 0 . 14 2 0 3. 4 o .o  14 0 
Mgt. Areas 353 0 . 13 1 1 2. 3 2. 3 8 8 
Wetlands 1106 0. 23 0 0 o . o 0 . 0 0 0 
Fallow 1074 0. 12 0 0 o. o  0 . 0  0 0 
Roadsides _gQ 0 . 27 � _Q 8. 3 o . o  7 0 
Totals 7221 3 5  13  140 55 --:i 
Appendix Table 3. Sample density of mal lard nests and estimated total clutch productions by cover 
type , Chai n  Lakes and Twin Lakes study areas, 1971 . 
Nests .Per Proj ected 
Cover Type Acres Sampli ng Nests Found 1 00 Acres Nest Prod. 
Avai lable Rate Tot . Successful Tot. Successful Tot. Successful 
Pasture 2515 0 . 17 1 0 0.2 o . o 5 0 
Smal l grain 1 394 0 . 14 2 0 1. 0 0 . 0 1 4  0 
Harvested hay 1 082 0 .17 8 0 4. 7 0. 0 48 0 
Tame hay 1024 0 .17 8 0 4. 7 o . o  48 0 
Wild hay 58 0. 17 0 0 o . o o . o 0 0 
Undisturbed cover 930 0. 16 3 1 6. 0 1 .2  22 5 
Tame hay 156 0. 12 0 0 o . o  o . o 0 0 
Wild hay 421 0.2 0  1 1 1.2 1 .2 5 5 
Mgt . �reas 353 0. 12 2 0 4. 8 o . o  17 0 
Wetlands 936 o.23 1 0 0 . 5  0. 0 5 0 
Fal low 60  0. 2 3  0 0 o .o 0 . 0  0 0 
Roadsides 90 0. 24 2 1 9. 1 4. 5 ____§_ 4 
Totals 7 007 2 8  3 1 02 9 00 
Appendix Table 4 .  Sample density of mallard nests and est imated total clutch production by cover 
type, Caain Lakes and Twin  Lakes study areas, 1972 . 
Nests .Per Projected 
Cover Type Acres Sampling Nests Found 100 Acres Nest Prod . 
Available Rate Tot . Successful Tot . Successful Tot . Successful 
Pasture 2127 o.15 l 1 0 . 3  0. 3 6 6 
Smal l grain 921 0. 13 0 0 o . o 0.0 0 0 
Harvested hay 952 0. 15 5 1 3. 8 0 . 8  34 7 
Tame hay 894 o. 15 5 1 3 . 8  0 . 8  34 7 
Wild hay 58 0. 1 4  0 0 0 .0 0 . 0 0 0 
Undisturbed cover 951 0. 18 4 2 5 . 9  2 . 9  1 0  5 
Tame hay 173  o. 39 4 2 5 . 9  2 . 9  10 5 
Wild hay 425 0. 1 4  0 0 0 .0 0 .0 0 0 
Mgt . Areas · 35 3 0. 1 3  0 0 0 .0 0 . 0  0 0 
Wetlands 1106 0. 2 3  0 0 o .o 0 .0 0 0 
Fal low 1074 0. 12 0 0 0 .0 0 .0 0 0 
Roadsides 90 0. 2 7  0 0 o .o o . o  0 0 
Totals 7221 19 7 50 18 
� 
Appendix Table 5 .  Sample density o f  gadwall nests and estimated total clutch production by cover 
type ,  Chain Lakes and Twin Lakes study areas, 1971 . 
Nests Per Projected 
Cover Type Acres Sampling Nests Found 100 Acres Nest .Prod. 
Available Rate Tot . Successful Tot. Successful Tot. Successful 
Pasture 25 15 0. 17 2 1 0. 5 0. 2 13 5 
Sma l l  grain 1394 0 . 14 0 0 0. 0 0 . 0  0 0 
Harvested hay 1082 0. 17 4 0 2 . 3  0 . 0  24  0 
Tame hay 1024 0 . 17 4 0 2 . 3  0.0 24 0 
Wild hay 58 0 . 17 0 0 0 . 0 0. 0 0 0 
Undisturbed cover 930 0 . 16 4 2 9 . 5 4 . 8  34 17 
Tame hay 156 0 . 12 0 0 0 . 0 0 . 0  0 0 
Wild hay 421 0 . 20 0 0 o . o o . o 0 0 
Mgt . areas 353 0 . 12 4 2 9 . 5  4 . 8  34 17 
Wetlands 936 0 . 2 3  0 0 0. 0 0. 0 0 0 
Fal low 60 0 . 2 3  0 0 0.0 0 . 0 0 0 
Roadsides 90 o . 24 0 0 0 .0 0.0 0 0 
C.11 Totals 7007 18 5 71 22 0 
Appendix Table 6. Sample density of gadwal l nests and estimated total clutch production by cover 
type , Chain Lakes and Twin Lakes study areas , 1972 . 
Nests .Per Projected 
Cover Type Acres Sampling Nests Found 100 Acres Nest Prod. 
Available Rate Tot. Successful Tot . Successful Tot . Successful 
Pasture 2 127 0 . 15 2 0 0 . 6  0 . 0  1 3  0 
Small grain 921 0 . 13 1 1 0 . 8  0. 8 7 7 
Harvested hay 952 0 . 15 5 0 3 . 8  o . o 34 0 
Tame hay 894 0 . 15 5 0 3 . 8  o . o  34 0 
Wild hay 58 0 . 14 0 0 0.0 0. 0 0 0 
Undisturbed cover 951 0 . 18 3 0 6 . 0  o . o 19 0 
Tame hay 173 0 . 39 1 0 1 . 5  0.0 3 0 
Wild hay 425 0 . 14 0 0 o . o  o . o 0 0 
Mgt . Areas 353 0 . 1 3 2 0 4 . 5  o . o  16 0 
Wetlands 1106 0 . 2 3  0 0 0.0 0 . 0  0 0 
Fallow 1074 0 . 12 1 0 0 . 8  0.0 9 0 
Roadsides ___Jill 0 .27 _JJ .Q 0.0 0 .0 0 0 
Totals 7221 20 1 72 7 � 
